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Highlights 
• Red Snapper had similar reproductive capacity among state and federal jurisdiction 
• Spawning season spanned April to September with peak spawning starting in June 
• Of all females 79% were mature but only 12% of them were from inshore sites 
• Further region-based restrictions should be considered to allow successful spawning 
• Artificial reefs are essential for reproduction in regions with little natural cover 
Abstract 
Reproductive activity of Red Snapper Lutjanus campechanus (Poey, 1860) at artificial 
reefs (ARs) are only recently being investigated. Yet, the management of the fishery differs 
on a regional basis with state and federal jurisdictions, and reproductive differences among 
regions have not been investigated. To compare the reproductive activity of L. 
campechanus among state (inshore) and federal (offshore) jurisdictions, individuals were 
collected in the northwestern Gulf of Mexico from four ARs on a quarterly basis for 2 yrs. 
Inshore sites exhibited fishing pressure year round whereas offshore sites only had fishing 
season open during a few months of summer. Collected individuals were measured for 
weight and length, then aged, sexed, and reproductive phase identified using the following 
metrics: resting, spawning capable, actively spawning, and regressing. Individuals in all 
reproductive phases were collected at three of the four sites. Spawning season was 
observed from April to September, with June identified as the induction of the peak 
spawning period. Hydrated oocytes were observed, which indicated imminent spawning 
within 12 h. Although 79% of female L. campechanus at all sites combined were mature 
based on reproductive phase, most fish were small, young, and inshore sites only made up 
12% of the mature females. Several individuals were mature at offshore sites compared to 
only a few at inshore sites, yet fishing pressure was higher at inshore sites. We suggest that 
L. campechanus were spawning capable and actively spawning when those individuals 
were several years of age, but younger, barely mature individuals comprised the majority. 
Thus, L. campechanus include ARs in their life cycle and directly spawn on state and 
























































































management should consider enforcing higher restrictions depending on the jurisdiction to allow individuals to mature and spawn before capture in both state and federal jurisdictions. 
Keywords 
Lutjanidae, Reefs, Vertical Longline, Fisheries, Structural Dependence, Gulf of Mexico. 
Abbreviations 
Artificial Reefs (ARs), Gulf of Mexico (GOM), Gulf of Mexico Fishery Management Council (GMFMC), Southeast Data Assessment Review (SEDAR), National Oceanic and Atmospheric Administration (NOAA), Southeast Monitoring and Assessment Program (SEAMAP), Gulf States Marine Fisheries Commission (GSMFC), Accumulated Variance (ACY), Gonadosomatic Index (GSI), Nested Analysis of Variance (NANOVA). 
Graphical Abstract 
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(Brewton et al., 2020; Downey et al., 2018; Render, 1995; Wilson and Nieland, 2001 ). Juvenile L. 
campechanus recruit to low profile structure, and later are thought to move to increasingly complex 
structure following ontogenetic shifts (Gallaway et al., 1999; Gallaway et al., 2009; Szedlmayer 
and Conti, 1999; Szedlmayer and Howe, 1997; Workman et al., 2002). Once a predator-adverse 
size is obtained (8+ yrs), individuals often dissociate from structure and move to open water 
(Gallaway et al., 2009; Gazey et al., 2008), but can still be recorded on hard structure (Streich et 
al., 2017). However, the strong structural dependence during their early life make L. campechanus 
especially vulnerable to fishing pressure as fishermen target the species primarily on easily-
accessible structures instead of the open ocean. 
For several decades, the Gulf of Mexico (GOM) has experienced serious L. campechanus stock 
declines due to habitat destruction, lack of suitable juvenile habitat, overfishing, and high market 
value (Wells et al., 2008). As the 4th most valuable fishery in the GOM, strict federal fishing 
regulations and short open seasons attempted to curtail losses and re-establish sustainable stock 
levels (Cowan et al., 2011; Gallaway et al., 2009; Gillig et al., 2001; Hood et al., 2007). Recent 
stock assessments determined that L. campechanus continue to experience strong fishing pressure, 
as reported by the Gulf of Mexico Fishery Management Council (GMFMC) and Southeast Data 
Assessment and Review (SEDAR) (GMFMC, 2014; SEDAR, 2018). An important factor is that 
available fishing habitat is governed differently based on spatial distributions, which affect 
temporal and catch limits of L. campechanus. In the United States, the federal government oversees 
fishing habitat passed -5.6 km (up to 3 nmi), and up to 16.7 km (9 nmi) in some states (Florida's 
Gulf Coast, Puerto Rico and Texas). The federal government restricts L. campechanus fishing to 
annually specified dates from May to September. The state governments have jurisdiction over the 
inshore reefs, and some (e.g., Texas) allow open year-round fishing for L. campechanus. Fishing 
pressure may thus be unbalanced depending on the areas targeted and likely affect the reproductive 
capacity of fish in different jurisdictions. 
Many structures visited by fishermen for L. campechanus are artificial reefs (ARs), which 
provide essential habitat for L. campechanus spawning in areas with limited natural refuge 
(Alexander, 2015; Cowan et al., 2011; Downey et al., 2018; Karnauskas et al., 2017; Mueller, 
2012; Syc and Szedlmayer, 2012; Wells et al., 2008). Efforts to understand the reproductive 
characteristics of L. campechanus on ARs are essential, because ARs throughout the GOM are 
used as management tools for the species, which has a history of mismanagement (Cowan et al., 
op. cit.). Lutjanus campechanus associate with ARs throughout the first 8-10 yrs of their life 
(Gallaway et al., 2009), yet reproductive capacity on ARs are only recently being investigated 
(Cowan et al., 2012, Downey et al., op. cit.). Because L. campechanus grow quickly (legal catch 
size attained at 2-3 yrs), mature at 3-4 yrs, are asynchronous batch spawners, and increase their 
reproductive output substantially with size (and by proxy age) (Lowerre-Barbieri et al., 2015; 
Porch et al., 2015), older individuals are crucial to sustain populations. However, regional 
variations in the onset of reproduction have been observed across the GOM (Glenn et al., 2017; 
Kulaw, 2012; Saari et al., 2014). Some reproductive differences may instead be attributed to the 
type of habitat provided, with ARs near the water surface exhibiting different reproductive outputs 
than submerged natural and artificial structures (Downey et al., op. cit.). Disparities in fishing 
pressure from differing jurisdictional restrictions may provide an additional layer of variations 
observed in spawning capacities since fishing limits vary by jurisdiction. 
Accordingly, this study compared the reproductive capacity of L. campechanus at inshore 
(state jurisdiction) and offshore (federal jurisdiction) AR sites in south Texas, northwestern GOM. 


































































only a few weeks open season in offshore sites. Sampling sites were all located within 62 km of 
each other to remove extensive environmental factors, and were within 32 km of the coast to reduce 
fishing pressure biases against fishermen accessibility. Only submerged ARs were sampled to 
remove variations attributable to near surface structural or natural reef differences. By 
investigating reproductive status of L. campechanus populations in different jurisdictions, this 
study provided an opportunity to compare maturity levels of targeted populations, and inform 
future management practices. 
2. Methods 
Four AR sites were sampled quarterly from December 2014 until December 2016: Dccember-
February, March-May, June-August, and September-November. Two reef sites resided in Texas 
state waters(< 15 km from shore) and were considered inshore and shallow(< 25-m depth) sites: 
PS- I 169L Port Isabel reef (hereafter inshore south = INSO, 24-m depth, latitude 25.968407° 
longitude -97 .0669 I 7°), and PS- I 04 7 South Padre Island Nearshore reef (hereafter inshore north 
= INNO, 21-m depth, latitude 26.525583° longitude -97.153587°). The remaining sites resided in 
federal waters(> 15 km from shore) and were considered offshore and deep(> 30-m depth) sites: 
PS-I I 22 Texas Clipper reef (hereafter offshore south = OFSO, 35-m depth, latitude 26.189154° 
longitude -96.85215°), and PS- I 070 Port Mansfield I ,iberty Ships (hereafter offshore north = 
OFNO, 31-m depth, latitude 26.426607° longitude -97 .024338°). The main differences between 
inshore and offshore sites were depth, structure and vertical relief. Offshore sites were deeper than 
inshore sites and exhibited high vertical relief(> 15 m) and were dominated by decommissioned 
oil platforms and large ( 145 m) vessels. Inshore sites exhibited low vertical relief ( < 15 m) and 
were dominated by concrete culverts, smaller vessels, small oil jackets, and reef balls. Detailed 
descriptions and images of sampled sites were published in Bollinger and Kline (2017). 
Lutjanus campechanus individuals were collected each quarter per site utilizing a modified 
National Oceanic and Atmospheric Administration Southeast Monitoring and Assessment 
Program (NOAA SEAMAP) vertical long line protocol (Gulf States Marine Fisheries Commission 
(GSMFC), 20 I 6). Commercial bandit rigs with IO equally-sized hooks were deployed either 
starboard or portside randomly (modification from NOAA SEAMAP, which outlined bandit rigs 
to be simultaneously deployed starboard, portside, and at the stem) with one of three hook sizes 
(8/0, 11 /0, and 15/0 also selected at random). Each site was fished with one line at a time, each for 
a 5-min soaking time until all hook sizes were used. The size of fish varied based on the hook size 
used, as discussed in Froehlich ct al.(2018), which provided a sample of most fish sizes present at 
each site. Specimens were placed on ice and processed within 48 h of catch. 
Morphometric measures of total length (TL, ± 1.0 mm), total weight (W, ± 0.0001 kg), 
eviscerated weight (EW, ± 0.0001 kg), and gonad weight (GW, ± 0.0001 kg) were collected from 
wet dissections for all but one fish (weight measurement missing). Age(± 0.1 yrs) of individuals 
was determined by otolith annulation and margin analysis. Age was calculated to ± 0.1 yrs by 
counting the number of annuli on otoliths compared to a shared birth date for GOM L. 
campechanus and the month of capture (YanderKooy and Guindon-Tisdel, 2003). Accumulated 
variance (ACY) between three independent readers was 0.49% for annulations and 0.14% for 
margin characterizations, thus no otoliths were excluded from the analysis. Fulton's condition 
factor (K) was used as an indicator offish health by assuming the weight of a fish was propo11ional 
to its cubed length (Bardon-Albaret and Sail !ant, 2017). The general condition of L. campechanus 















































































































K = Weight (kg)/ Total Length (mm)' x I 00 
A value of K > I suggested a fish in good health. and K \\ as used as 
a general indicator for 
individual health condition. 
Gonads were preserved in Prefer'·. which is a glyoxal tixati\'c fou
nd to have a safer pro tile and 
faster reaction rate than formaldehyde ( Dapson. 2007 ). for at lea
st 48 h but no more than 14 d. A 
5-mm section from an individual gonad lobe (right or lctl). and ar
ea (top. middle. lower or bottom) 
was removed according to a random number table generated in
 SPSS v.23 (IBM. 2013). Due to 
symmetrical development of ovarian lobes. a single sample fro
m a tcmale L camrwclw1111s was 
used to estimate reproductive status (Glenn ct al.. 2017). The ti
ssues \Vere embedded in paraftin 
using a KD-TS3D tissue cassette processing system. and thin s
ections (5-10 µ111) were cut on a 
rotary microtome. Tissue sections were aftixcd to glass slides and
 stained utilizing Gil hcmatoxylin 
and counterstained with EOS IN-Y. 
Sex and reproductive phases were assigned after identification o
f reproductive and accessory 
tissues with specific features following Brown-Peterson ct al. (2
011 ). Reproductive phases were 
confirmed by three readers with phase confirmation dependent 
upon at least two identical phase 
assignments. There was a I 00% agreement among at least tw
o readers. Gonadosomatic index 
(GS!) measures were used to assign reproductive capability (Kjc
sbu. 2009), where: 
GS!= Gonad Weight/ (Total Weight - Eviscerated Weight) x 10
0 
Individuals with a GS! > I suggested reproductive activity (B
rown-Peterson ct al.. 201 I). 
Means of GS I for males and females were calculated across mont
h. A tish was identified as mature 
and reproductively active that season when a reproductive pha
se of spawning capable. actively 
spawning, or regressing was assigned. The spawning season w
as determined as the months in 
which females and males exhibited a mean GS!> I. Peak spawn
ing period was determined as the 
month with the highest percent of reproductively active female
s. highest mean female GS!. and 
the largest proportion of mature females. 
Statistical analyses were performed in SPSS v.23 (IBM, 2013) w
ith a= 0.05. All results where 
means are rcpo11ed are followed by± standard errors. A Chi-squa
re test (x") was utilized to identify 
sex ratios at sampling sites. Size frequency (TL mm) and distri
bution of individuals in different 
reproductive phases were compared with a Kolmogorov-Smirn
ov test. Morphometric and age 
characteristics were subject to tests of normality with visual Q-Q 
plots and Kolmogorov-Smirnov, 
and homoscedasticity was tested with Lcvenc's test (Sokal
 and Rohlf, 2011 ). A logistic 
transformation (Log+ 1) of W was completed to obtain normality
 (hereafter LogW). Differences in 
GS! and K among sites were determined through a nested an
alysis of variance (NANOYA). 
Morphometrics and reproductive status were used in binary 
logistic regressions to calculate 
maturity proportions (per quarter per site) for total length (Tl ,so). 
I ,og W (l ,og W so). and age (Ageso) 
at which 50% of females exhibited maturity (Sokal and Rohlf. o
p. cit.). Reproductive maturity as 
a function of morphomctric measures was only calculated for
 females as the species exhibits 
asynchronous ovarian development, and arc characterized as het
crochronal (batch) spawning with 
indeterminate annual fecundity (Brule ct al.. 20 I 0). I lctcrochron
al batch spawncrs arc not sperm 
limited (Grimes. 1987; Woods ct al., 2003 ). thus males play a li
mited role in the management of 
L. campechanus. and are excluded in proportion mature analys
es. Differences in maturity 
proportions (TLso, LogWso. and Ageso) among locations. sites
 and quarters of collection were 

















































































































All NANOV As used location (inshore or offshore) as the main factor with collection site 
(INSO, INNO, OFSO and OFNO), and quarter of collection (December-February, March-May, 
June-August, September-November) subsequently nested. Post hoc testing of statistical results 
were performed through Tukcy's I !SD test to identify homogeneous subsets if significant 
differences were observed (Sokal and Roh IC 2011 ). 
3. Results 
A total of 398 individuals were collected from December 2014 to December 2016. From 
individuals collected, mean TL was 467 ± 90 mm (max 721 mm), mean W was 1.65 ± 0.97 kg 
(max 5.53 kg), and mean age was 3.8 ± 1.5 yrs (max I 0.8 yrs). Only 18 out of 184 females and 13 
out of 214 males were of large sizes (> 600 mm, sec Froehlich ct al., 2018 for additional 
morphometric information on L. campechcmu.1· at these sites). A I: I sex ratio (p > 0.05, see Table 
1 for all statistical outputs) was observed in L campechc111u.1· overall. with INSO, INNO and OFSO 
also retaining a 1: 1 ratio. Offshore north however, was significantly dominated by males with a 
1: 1.39 sex ratio (p :S 0.04). All individuals, except for one, were in good condition (K) from all 
sites. Less fish were caught on inshore reefs ( 121 inshore vs. 277 offshore), but no significant 
differences in condition were observed among locations (p > 0.05), neither sites (p > 0.05) nor sex 
(p '.::: 0.05). 
Histological characterization identified L rnmpechanu.1· in all stages: resting, developing, 
spawn capable, and regression in both females and males. No significant difference in the 
frequency of histological characterization was observed by locations (p > 0.05) or sites (p > 0.05), 
but differences were observed by sex (p < 0.0 I) and quarter (p < 0.0 I). There were significant 
interactions between locations and quarters (p < 0.0 I), sites and quarters (p < 0.0 I), and sex and 
quarters (p < 0.05). Hydrated oocytes, which indicated imminent spawning within 12 h, were 
observed at OFSO. 
Mean GS! for females was 0.53 ± 0.06 (0.08 to 7.55 range), and for males was 0.61 ± 0.04 
(0.04 to 3.24 range). Mean female GS! was slightly higher offshore (0.56 ± 0.06) than inshore 
(0.45 ± 0.13), although there were no significant differences among locations (p > 0.05) nor sites 
(p > 0.05), but differences were observed among quarters (p < 0.01 ). There was a significant 
interaction between locations and quarters (p < 0.05), however no significant interaction was found 
between sites and quarters (p > 0.05). Spawning capable individuals were observed at all locations 
(inshore and offshore) and sites (INNO, OFSO and OFNO) with the exception of INSO, at which 
zero spawning capable females were observed. Male and female fish exhibited a mean GS I/month 
> 1 only in June, but females got close in May (Fig. I). From all individuals collected, 82% of fish 
(male and female) were identified as reproductively active (in which gonadosomatic 
characterization is either developing or spawn capable) across April. May, June and September. 
At all sites combined, 79% of females were mature, but, inshore sites accounted for only 12% 
(INSO = 9%, INNO = 3%) of mature females observed. Gonadosomatic indices for females and 
males were observed at their highest levels in June (Fig. I). Over 90% of all fish, regardless of sex 
or location, were reproductively active in June at inshore and offshore sites. Since samples were 
not collected in July or August (due to weather constraints), June could not be confirmed as the 
peak spawning month. However, June could be delineated as the induction of peak spawning 
period. 
Based on calculations of maturity propor1ions, half of females would reach maturity at 458 mm 
in total length (TLso), 1.14 kg in weight (LogWso), and 3 yrs of age (J\gcso) (Fig. 2). No females 

















































































































for L. campechanus in Texas state waters was 381 mm at the time the study was performed, and 
84% of the females collected were of legal retention size. Of the females collected (n = 184 ), 79% 
displayed maturity (n = 146) but 57% did not achieve TL50 before capture (n = 104 ). Furthermore, 
only 18% of females collected (n = 34) were at least 5 yrs old. Out of all females sampled only 
41 % met the maturity benchmarks for TL. 41 % for LogW. and 71 % for age. No significant 
differences were found in the proportional maturity of females as determined by length, LogW, 
and age between locations or quarters of capture (p > 0.05). Less than half offemales met the TLso, 
LogWso, and Ageso benchmarks at INSO, which set INSO significantly apart from all other sites 
(p < 0.05, Fig. 3). There were some differences in maturity proportions for all other sites, but no 
site had more than 65% of females meeting any maturity benchmarks (Fig. 3 ). However, the 
proportion of females that met maturation benchmarks were different among other reefs in the 
GOM (Table 2). Total length benchmarks ( 458 mm) were higher in our study than in other studies, 
but age benchmarks (3 yrs) were generally similar to others (Table 2). 
4. Discussion 
Lutjanus campechanus collected in the current study were assessed for reproductive capacity 
on inshore artificial sites within state jurisdiction compared to offshore artificial sites within 
federal management. Twice as many fish were caught offshore even though the same fishing effort 
was completed in both jurisdictions, and offshore sites had fish with marginally higher GS!. 
Reproductively active females and males were observed on all four ARs, and a sex ratio of 1: I 
was observed on most sites. A recurring spawning season was identified from April to September 
with the peak spawning period likely beginning in June. Although 82% offish were reproductively 
active during the spawning season,< 65% of females met maturity benchmarks based on TL, W 
and age values (TLso = 458 mm, LogWso = 1.14 kg, Ageso = 3 yrs). Out of79% mature females, 
only 12% were observed at inshore sites. All fish but one were in good condition and several were 
reproductively active and spawning. Thus ARs sampled in this study provided essential habitat 
suitable for reproduction in the otherwise relatively barren seafloor in the region. 
Histological characterizations support a spawning capable population at inshore and offshore 
sites, with spawning capable individuals identified at all offshore sites, but few at inshore sites. It 
is unknown at this time if spawning aggregations occur at all sites, however a hydrated oocyte was 
identified at an inshore site in Alexander (2015) and an offshore site in our study, indicating 
imminent spawning within 12 h. Histological assessments, GS! levels, and previously observed 
imminent spacing characterizations (Alexander, op. cit.) suggest that artificial habitat inshore and 
offshore are used reproductively by L. campechanus. There are some limitations with using 
gonadosomatic characterization alone to characterize reproductive capacity, since the tissues 
represent only a snapshot of reproductive parameters, but our findings support previous studies 
that identify ARs as essential habitat for L. campechanus in the GOM (Brock, 1994; Cowan et al., 
2011; Downey et al., 2018; Gallaway et al., 2009; Render, 1995; Syc and Szedlmayer, 2012). 
Utilization of both inshore and offshore sites throughout ontogeny suggests that movement 
offshore upon maturity (Gallaway et al., op. cit.) may not be a characteristic of L. campechanus 
everywhere. Lutjanus campechanus are capable swimmers, and the greatest distance between 
offshore and inshore sites in the current study is 30 km. Such a distance among sites is within the 
species' reported mean distances travelled (Patterson et al., 200 I). However, L. campechanus 
tagged at the two sites farthest from each other in the current study (INNO and OFSO) are found 
to exhibit relatively high fidelity and no movement between both sites (Garcia, 2013). Finding 















































































































campecha1111s move to deeper offshore sites as thcy maturc ( Ciall,m ay ct al.. op. cit.). Thus. the 
lack of mobility (Garcia. op. cit.) coupled,, ith finding mature fcmalcs and malcs at inshorc and 
offshore sitcs suggcsts that /\Rs in both rcgions ofthc northwcstcrn GOM providc adcquatc habitat 
for sexual maturation and spawning activity. 
/\ gcnctic relationship among populations of L cc1111puclw1111.1 throughout thc GOM (Gold and 
Saillant. 2007) suggests that rcproductivc cucs and pcriodicity should hc similar across populations 
even at great distances. Previous studics of rcproduction for r. c111111h'clw1111s indicatc similar 
spawning seasons to the current study:± I mo in thc GOM (/\lcxandcr. 2015; Hrulc ct al .. 20 I 0; 
Collins ct al.. 1996; Downey ct al .. 2018; Kulaw ct al.. 2017). and the Atlantic Ocean (White and 
Palmer. 2004). /\ latitudinal shift in population distribution and associatcd diffcrcnces in 
environmental conditions may be responsible for slightly offsct spawning seasons (Brule ct al .. op. 
cit.). In the northwestern GOM. peak spawning in June was corroborated by Downey ct al.. (op. 
cit.). even though one study observed a peak in April -attributing it to differences in fish condition 
(/\lexandcr. op. cit.). Without additional sampling. the current study cannot confidently identify 
the breadth of the peak spawning period in the northwestern GOM region (Brule et al.. op. cit.) 
since July and August were not sampled. l lowcvcr. the current study can confidently attest to the 
induction of peak spawning period in June and the spawning season from April to September. 
The current study's combined estimates of maturity benchmarks for TL and age arc not similar 
to previous measures of maturity for L rnmpechcmus in the GOM. The TL at which 50% of 
females exhibit reproductive maturity (TLsu = 458 mm) in the current study is larger than other 
studies (Brule ct al., 20 IO; Camber. 1955; Cowan ct al .. 2012; Jackson ct al.. 2007; Kulaw, 2012; 
Wilson et al., 1994; Woods ct al.. 2003; Table 2). which may be due to habitat type because some 
sampling occurred from large /\Rs and natural banks (Cowan ct al .. op. cit.). The age at which 
50% of females exhibit reproductive maturity (Agc,o = 3 yrs) is similar to /\Rs sampled in Cowan 
ct al. (op. cit.). older than samples in Woods ct al. (op. cit.). and younger than natural structures 
studied in Cowan ct al. (op. cit.). On the contrary. Downey ct al.(2018) did not find reproductive 
differences between natural and /\Rs in the northwestern GOM. Because manmadc structures 
deployed in the region generally vastly outnumber natural habitats of L campechanus (Froehlich 
and Kline. 2015; Gallaway ct al., 2009). di ITcrcnccs observed in our current study compared to 
other areas may be a response to the size of the habitat instead of artificial vs. natural habitat 
(Downey et al., op. cit.). /\!though the current study cannot speculate on L campechanus 
maturation at local natural sites. reproductive biology may be similar across different habitats in 
the region (Downey ct al.. op. cit.). 
If instead a delayed maturity in /,. rnmpechcmu.1· is a consequence of life on /\Rs. then 
management concerns exist. The current study only encountered 9.7% females and 6.1% males 
that were of large sizes (TL 2: 600 mm). Large females arc of particular interest, because larger 
females (by proxy older females) contribute a larger proportion of reproductive output (Barncchc 
et al., 2018; l lixon et al., 2014 ). Older females can partake in longer spawning periods than newly 
mature females, and their batch fecundity increases as well (Lowcrrc-Barbicri ct al .. 2015 ). Finding 
fewer large females is not only an outcome of the current study. but one of several other studies in 
other regions (Kulaw et al., 2017; Lowcrrc-Barbicri ct al., op. cit.; Saari ct al .. 2014). ;\ lack of 
larger and older females at habitats suitable for reproductive activity suggests that females arc 
likely being removed before optimal reproductive output. 
Maturation characteristics of L. campechcmus observed in the current study suggests that 
individuals may grow to legal catch size in both Texas state (381 mm TL) and federal waters ( 406 

















































































































sites can reach Texas state and federal legal catch size by age 2 yrs (Alexander, 2015; Froehlich et 
al., 2018). Up to 84% of females collected arc of legal retention size, but many are not reaching 
maturity levels before capture. Inshore sites (Texas jurisdiction) have similarly-sized and aged L 
campechanus compared to offshore (federal) sites (Froehlich et al., op. cit.), but there are far less 
mature individuals at inshore sites ( only 12% mature females). Either a depth bias exists with 
inshore sites being at 5 to 10-m shallower than offshore sites, or, more likely, fishing pressure is 
explaining observed differences given recreational fishing is a year-round activity allowed at 
inshore sites compared to only a few months in federal waters. Fishermen are always observed 
targeting L. campechanus during sampling events at inshore sites (pers. obs.), especially at INSO. 
Accordingly, such high presence of fishermen at INSO, and the fact that INSO is closest to the 
busiest coastal port in the area, may explain why mature females were never observed at INSO 
compared to the other inshore site, INNO. Individuals may be harvested before reaching maturity, 
resulting in less proportionally mature populations inshore. There may be structural factors that 
influence reproductive biology, such as habitat complexity, vertical relief, and underlying substrate 
(Alexander, op. cit.; Amey et al., 2017; Downey et al., 2018; Froehlich and Kline, 2015), and 
improving ARs accordingly may help offset some consequences of fishing pressure. However, 
management of inshore reefs (state jurisdiction) should strongly consider truncating the region's 
fishing effort because most fish are immature at capture. There may also be a benefit towards both 
state and federal management working in tandem to provide a combined effort and relieve 
excessive fishing pressure on immature fish. 
Lutjanus campechanus are experiencing age truncation in several studies, including the 
current study, Alexander (2015) and Saari et al. (2014). Compared to 10 yrs ago, significantly 
lower reproductive capacity of L. campechanus has been observed among common age classes 
(Kulaw et al., 2017). Brown-Peterson et al. (2018) found an overall decrease in L. campechanus 
egg output from 1997-2017, particularly in the northwestern GOM. Identifying essential 
spawning habitat and environmental factors that support reproductively active populations are 
crucial for the future management of L. campechanus. The current study, and Alexander ( op. 
cit.) suggests that inshore and offshore sites provide essential habitat for reproduction, and fish 
are actively spawning at ARs. Although spawning is observed at these sites, L. campechanus are 
small, young, and barely mature before harvest within legal catch limits, especially at inshore 
sites. Additional management restrictions, like commercial and recreational fishing closures 
during spawning periods, should be implemented to allow populations to become sustainable and 
allow fish to mature and spawn often prior to removal. Similar restrictions among regions may 
need to be implemented and with higher frequencies to reduce excessing fishing on young, and 
barely mature individuals, because our study finds that inshore and offshore sites serve similar 
purposes for L. campechanus reproduction even though management practices differ. Failing to 
implement additional restrictions reduces benefits of ARs and further hampers the attempts of 
reaching a sustainable L. campechanus fishery and removing a long-standing overfished status 
(Brown et al., 1989; Gallaway et al., 2017). 
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Table I. Statistical output of all analyses for the reproductive capacity of red snapper (Lutjcmus campechanus) from four artificial reefs in the northwestern Gulf of Mexico. Note: NJ\NOV J\ = nested analysis of variance; parentheses identify factors that the predictor variables arc nested within; morphometric values at which 50% of females were mature (maturity propor1ion) = Xsu; GS!= gonadosomatic index; NIJ\ = not available. lO 599 
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Factor Ikgrc.:s of" !'est-value p-valuc 
Typ.: Freedom 
NIA 1.388 2.261 > 0.05 
Fix.:d 1.390 I 0.55 > 0.05 
Fixed 3.390 1.60 > 0.05 
Fix.:d 1.390 2.45 > 0.05 
Fix.:d 1,390 4.69 > 0.05 
Fi,.:d 3,390 0.32 > 0.05 
Fixed 1.390 6.17 < 0.01 
Fix.:d 3.390 6.213 < 0.01 
Fixed 3.390 9.665 < 0.01 
Fixed 6,385 5.85 < 0.01 
Fixed 3J90 3.10 < 0.05 
Fix.:d 1.389 0.42 > 0.05 
Fixed 3.389 0.356 > 0.05 
Fixed 3,384 17.111 < 0.01 
Fi,ed 3.389 3.525 < 0.05 
Fixed 6.384 1.60 > 0.05 
Fixed I. I 71 5.98 > 0.05 
Fix.:d 3.171 5.25 < 0.05 
Fixed 8.171 1.27 > 0.05 
Fixed I. 171 5.43 > 0.05 
Fixed 3.171 5.41 < 0.05 
Fixed 8.171 1.57 > 0.05 
Fixed 1.171 3.83 > 0.05 
Fixed 3.171 14.25 < 0.01 



































































Table 2. The total length (mm) at 50% (TL50) maturity and biological age (yrs.) at 50% (Ageso) 
maturity of Lutjanus campechanus from studies throughout the Gulf of Mexico. Asterisks denote 
fork length (FL, mm), and data were converted to TL (mm) using a previously developed 
equation: TL= 2.65 I + I .06 I x FL (Allman ct al., 2002). Benchmarks obtained from 375-424 
mm= 1; NIA= not available. 
Study 
Current Study 
Cowan et al. (2012) 
Kulaw (2012) 1 
Brule et al. (20 I 0) 
Jackson et al. (2007)* 
Woods et al. (2003) 1* 
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Figure 3. Mean proportion mature± standard deviation (SD, bars) by site and location of female 
Lutjanus campechanus as determined by total length (mm, TLso), log10+ I weight (kg, LogWso), 
and age (yrs, Ageso) among four artificial reef sites in the northwestern Gulf of Mexico. Dashed 
lines represent values at which 50% of females (Xso) were identified as mature. Asterisks above 
bars indicate difference from all other means among sites, while different letters highlight means 
that are significantly different among sites. Site abbreviations and sample sizes are: INSO = 
inshore south, n = 13; INNO = inshore north, n = 4; OFSO = offshore south, n = 67; and OFNO = 
offshore north, n = 61 . 
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